Astrocytes and microglia were obtained from brains of newborn mice and infected with Nocardia asteroides. Scanning electron micrographs showed nocardiae adhering to the astrocyte cell surface and entering the cytoplasm. After 6 h of incubation the intracellular nocardiae appeared as filaments, demonstrating that growth was occurring. In contrast, the microglia phagocytized nocardiae, but after 6 h the presence of coccoid cells indicated that nocardial growth was inhibited.
Nocardia cells have the ability to invade the brains of most mammals and cause a significant number of central nervous system infections in humans (1) . Mice infected intravenously with Nocardia asteroides GUH-2 develop distinct neurological signs that are responsive to levodopa (L-dopa) as a result of growth of GUH-2 in the brains of the mice (9) . Nocardiae have been shown attached to different regions of the brain following intravenous infection, and it has been suggested that specific receptors facilitate this attachment (10) . In order to grow within the brain, GUH-2 must be able to leave the capillaries and enter the brain tissue. Thus, the nocardiae penetrate through the bloodbrain barrier (9) , which is composed of capillary endothelial cells with tight intercellular junctions surrounded by astroglial cell processes (5) . Astrocytes are one of the predominant cell types in the brain, and these cells are important for maintaining the integrity of the blood-brain barrier. They can be identified by the presence of characteristic filaments which are polymers of glial fibrillary acidic protein (GFAP) (4) . Present in much smaller numbers in the brain are phagocytic, nonspecific esterase-positive cells (microglial cells) which have macrophage surface antigens such as MAC-1 (7). Microglial cells are thought to migrate to the site of tissue damage in the brain, proliferate, and phagocytize cell debris (6 After 13 to 15 days in culture, the primary cellular type found in brain cell monolayers was a relatively large polygonal cell with sheet-like processes that filled most of the space. These cells were positive for GFAP and remained adherent to the flask when shaken for 16 h. In addition, a number of smaller cells (50 to 70 ,um) with processes radiating from them contained GFAP, and these were identified as a different type of astroglia. On top of the astroglial monolayer were a few ameboid cells with eccentric nuclei. These cells (20 Rnm), which were removed by shaking for 16 h, were positive for MAC-1 (84% ± 14%) ( Fig. 1A and B ) and demonstrated nonspecific esterase activity (Fig. 1C) (95% of 250 cells were positive). In contrast, the astroglial cells were negative for these two markers (Fig. 1D) . The process-bearing cells in slide chambers obtained following separation by shaking in PBS plus EDTA were positive for GFAP ( Fig. 1E and F) by immunofluorescence and by the peroxidase-avidin-biotin staining method (Fig. 1G) . These cells were identified as astroglial cells (Fig. 1H) .
Coccobacillary cells from a stationary-phase culture of N. asteroides GUH-2 (2, 3) were prepared by differential centrifugation as described previously (2 infected at a ratio of 1:1, incubated for 1 h, and washed, and fresh medium was added for a 6-h incubation. Slides were air dried after 1 and 6 h and stained with the Gram stain. When the brain cell monolayers were infected prior to cell separation, large numbers of GUH-2 adhered to the surface of the cell processes of the smaller astroglial cells but not to the larger cells, as shown in Fig. 2A cell separation had an average of 14 4 GUH-2 cells per infected cell. At the same time, peritoneal exudate cells obtained as previously described (3) had an average of only 3 1 GUH-2 cells per infected phagocyte, whereas there was an average of 4.7 1 GUH-2 cells per infected microglia when incubated with the same bacterium-to-cell ratio. The significantly greater number of bacteria associated with astroglial cells than with either microglial or peritoneal exudate cells suggested that there were specific adherence sites on these smaller astroglial processes that recognized nocardiae but not streptomycetes.
In order to better visualize nocardial interactions on the surface of these cells, the samples were fixed in 2.5% glutaraldehyde, dehydrated through an ethanol series, critical-point dried with C02, coated with gold, and examined with a Philips scanning electron microscope at 15 kV. In isolated cell cultures it was found that the apex of the cells of GUH-2 adhered to the surface of the astroglia (Fig. 3A and  B) . As shown in Fig. 3D , the nocardial cells then penetrated into the astroglial cell. In contrast, microglial cells actively phagocytized the cells of GUH-2, as shown in Fig. 2C, D , and E, wherein the glial cell membrane encloses the nocardial cells (compare Fig. 2 and 3 ).
When separated cell cultures were infected for 1 h with coccoid cells of GUH-2 and then incubated for 6 h, astroglial cells supported the growth of GUH-2, as evidenced by the formation of bacterial filaments, as shown in Fig. 2F . In contrast, microglial cells inhibited filament formation during this 6-h period, as shown in Fig. 2G . Thus, when 700 cells were examined in four different experiments, 87% + 4% of the bacteria in infected microglial cells were coccoid (Fig. 4) whereas only 42% + 8% of the nocardiae in the astroglial cells were coccoid (Fig. 4) . In control peritoneal macrophages that support the growth of GUH-2 (3), 37% + 4% of bacteria were coccoid and 63% were filamentous (Fig. 4) . Therefore, astrocytes support the growth of nocardiae in a manner similar to that of peritoneal exudate cells, while in contrast, microglial cells inhibited nocardial growth (Fig. 2  and 4 ). Additional studies are being done in order to determine whether these in vitro interactions also occur in the intact brain.
